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A B S T R A C T
Introduction: With the introduction of regional trauma networks in England, ambulance clinicians have
been required to make triage decisions relating to severity of injury, and appropriate destination for the
patient, which may require ‘bypassing’ the nearest Emergency Department. A ‘Trauma Unit Bypass Tool’
is utilised in this process. The Major Trauma Triage tool smartphone application (App) is a digital rep-
resentation of a tool, available for clinicians to use on their smartphone. Prior to disseminating the ap-
plication, validity and performance against the existing paper-based tool was explored.
Methods: A case-based study using clinical scenarios was conducted. Scenarios, with appropriate triage
decisions, were agreed by an expert panel. Ambulance clinicians were assigned to either the paper-
based tool or smartphone app group and asked to make a triage decision using the available informa-
tion. The positive predictive value (PPV) of each tool was calculated.
Results: The PPV of the paper tool was 0.76 and 0.86 for the smartphone app. User comments weremainly
positive for both tools with no negative comments relating to the smartphone app.
Conclusion: The smartphone app version of the Trauma Unit Bypass Tool performs at least as well as
the paper version and can be utilised safely by pre-hospital clinicians in supporting triage decisions re-
lating to potential major trauma.
© 2014 Elsevier Ltd. All rights reserved.
1. Background
Major Trauma Networks began in London and went live across
England in April 2012 which require patients with major trauma to
be transported to dedicated major trauma centres (Department of
Health, 2012). Trauma networks were developed in response to nu-
merous reports that identiﬁed sub-optimal care and the need to
improve survival frommajor trauma (Findlay et al., 2007; Fisher et al.,
2010). The current system utilises a ‘hub and spoke’ model with
Major Trauma Centres (MTCs) supported by Trauma Units (TUs) and
Local Emergency Hospitals (LEHs). MTCs are able to offer en-
hanced care with input from multiple specialties for the most se-
riously injured patients. Internationally, similar networks have shown
improved outcomes (Cameron et al., 2008; Celso et al., 2006; Lansink
and Leenen, 2007; MacKenzie et al., 2006; Sampalis et al., 1999)
Early work from England reports that 20% more patients are now
surviving since the introduction of Major Trauma Networks (NHS
England, 2013).
In order to ensure that the most seriously injured patients are
treated at an MTC, accurate identiﬁcation of those suffering from
major trauma in the pre-hospital phase is essential. Patients that
do not require specialist care should be transported to the closest
appropriate hospital, avoiding overloading of MTCs and the subse-
quent use of resources. Accurate pre-hospital triage is vital to the
success of Major Trauma Networks.
Major Trauma Triage criteria and decision support tools have been
used in the USA since the 1990s (Henry et al., 1996; Newgard et al.,
2011; Purtill et al., 2008) to assist EmergencyMedical Services (EMS)
decision-making. Similar tools have been developed in the UK by
expert panels; many have not been formally evaluated to ascer-
tain their validity and reliability.
Pre-hospital clinicians in the Wessex region are provided with
the Trauma Unit Bypass (TUB) tool, a decision tree, combining
anatomical injuries and physiological signs to guide hospital des-
tination selection (Fig. 1). It is presented as an algorithm in pocket-
sized and A4 printed form. Clinical staff received education about
trauma networks and use of the TUB tool prior to launch.
1.1. Development of the smartphone application
Working in practice it became clear that some EMS providers
were storing a version of the tool on smartphones and tablets to use
in the ﬁeld. In addition, it was recognised that many clinicians access
other decision-support tools and information in the form of smart-
phone applications, such as the British National Formulary (BNF)
and NICE guidelines in clinical practice. Observing this practice led
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to discussions about development of a digital representation of the
Wessex TraumaNetwork (WTN) TUB tool. A software development
company (Volatile State Ltd)were approached and agreed to develop
the application initially on the Apple® iOS iPhone® platform.
The application, named the Major Trauma Triage Tool, consists
of three elements: the TUB tool, recommendations for hospital des-
tination, based on location, and collection and presentation of clin-
ical handover information in an ATMIST format (SWASFT, 2013).
Given the change in format of the tool, from a paper-based algo-
rithm to an interactive digital representation in the form of an app,
it was necessary to compare the utilisation of the formats in clin-
ical decision-making and triage.
1.2. Aim
To compare ambulance staff decision outcomes using the TUB
paper-based version with the smartphone app.
2. Methods
2.1. Design
A clinical scenario-based testing of triage decision-making of pre-
hospital clinicians using either the paper-based TUB tool or smart-
phone app.
Fig. 1. Wessex Trauma Unit Bypass Tool.
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2.2. Case study scenarios
Using real clinical cases as a basis, six clinical scenarios were de-
veloped, and these included information on themechanism of injury,
patient injuries and vital signs. To determine ecological validity of
the cases, they were reviewed by a multidisciplinary panel of ex-
perienced clinicians, including Emergency Department (ED) doctors,
senior nurses and paramedics (two representatives from each pro-
fession). For each scenario, a standardised outcome, in terms of des-
tination, was agreed on by the panel through this process. See Fig. 2
for an example.
2.3. Sample
Following organisational approval to conduct the study, permis-
sion to recruit ambulance staff during regular team training ses-
sions was granted by the Ambulance Trusts’ Clinical Review Group.
Staff were invited to participate during these sessions; it was not
mandatory and none declined. The purpose of the study was ex-
plained and verbal agreement to participate sought. This ap-
proach ensured a range of skill grades, to include Ambulance
Technician, Paramedic and Emergency Care Assistants (ECAs), and
experience amongst the sample (Table 1).
Using an alternate numbering technique around the room, par-
ticipants were assigned to one of two groups; the ‘paper’ group and
the ‘app’ group. Those that were randomised to the ‘app’ groupwere
provided with an iPhone® or iPad® on which to use the app.
The questionnaire and scenarios were explained to each group
together. They were then asked to use their allocated tool to rec-
ommend a hospital (TU or MTC) for each case, based on the infor-
mation provided. The answers for each case were compared against
those noted by the panel and graded as “matched” if they were the
same and ‘not matched’ if they did not concur.
2.4. Data analysis
Demographic information relating to their clinical grade or role
was collected from each participant: their experience of using the
TUB tool in practice and smartphone use was also recorded. No par-
ticipant identiﬁable data were collected. The administration of the
scenarios took place in four locations on ﬁve occasions. Data were
entered into a spreadsheet and analysed using Microsoft Excel. The
positive predictive value for each tool was calculated for the dif-
ferent scenarios and overall. This value described the ability of each
tool to correctly identify those patients that were deemed to have
suffered major trauma, as deﬁned by the Wessex Trauma Network.
Free text comments were collected relating to the ease of use of each
tool, together with the perceived beneﬁts and disadvantages to
clinicians.
2.5. Deﬁnitions
If the expert panel agreed the destination was a Trauma Unit,
an answer not matching this would lead to a patient being trans-
ferred to a specialist MTC – this would be classiﬁed as overtriage.
If the expert panel agreed the destination was a Major Trauma
Centre, an answer not matching this would lead to a decision to
transfer to a Trauma Unit – this would be classiﬁed as undertriage.
3. Results
A total of 50 participants took part in the study; 25 used the paper
tool and 25 used the smartphone app. The majority, 64% (n = 32),
were paramedics, with the remainder ambulance technicians (n = 10)
and emergency care assistants (n = 8).
Training on the TUB Tool had been received by 47 of the 50 par-
ticipants (94%). Most had used it between 1 and 5 times and 12 had
not used it in clinical practice (Fig. 3).
Of those participants that own a smartphone (n = 43), 67% (n = 30)
use Apple® iOS, with the remainder being users of the Android® op-
erating system.
The paper tool had a positive predictive value (PPV) of 0.76, with
a range of 0.44 to 1.00 in each of the cases. The smartphone version
on the TUB tool had a PPV of 0.86 with a range of 0.80–0.92.
In three of the six scenarios the paper version outperformed the
app, the app was more accurate, in that it had a higher PPV, in two
scenarios and equal in one. However, in cases where the app showed
CASE 1
Incident
A car has collided with a bus with a combined speed of 50mph. The driver of 
the car is trapped by his lower legs and is combative. 
Observations
Pulse 105 felt at the wrist
Systolic BP 100 mmHg
Resp rate 20
GCS 12 (E3, V4, M5)
Primary survey
Clear airway
Chest sounds clear with equal chest wall movement
No external bleeding seen. 
Pelvis appears intact although you suspect a left ankle fracture.
ASSESS
With the information provided, please indicate your destination hospital choice
Trauma Unit Major Trauma Centre
Additional comments:
Fig. 2. Example clinical case.
Table 1





Trained on TUB Tool 23 24
Used TUB in clinical practice 18 20
Smartphone user 22 21
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a higher PPV, the paper tool was signiﬁcantly lower (0.56 and 0.44),
whereas when the paper tool performed better, the app showed a
closer result (0.80, 0.84 and 0.88). Both of the cases where the paper
tool showed a low PPV, the agreed result was triage to a major
trauma centre, this would have resulted in signiﬁcant undertriage
where the paper tool was used (Table 2).
Free text responses on ease of use were grouped into ‘positive’
or ‘negative’ (Fig. 4). Sixty-eight per cent (n = 17) of comments on
the paper tool were positive, with 5 negative comments relating to
layout and appearance of the tool and 3 respondents making neutral
or no comment. There were no negative comments relating to the
smartphone version of the tool, with 92% making positive com-
ments and the remaining 2 participants making no or neutral
comment. Many of the comments relating to the smartphone app
were regarding the decrease in time taken tomake a decision in com-
parison to the paper app, which was felt to be a positive beneﬁt in
a time-critical scenario.
Participantsmade general comments about the tool that they had
used. Some were concerned that there may be infection control
issues around using a piece of technology, particularlywhilst wearing
gloves. Other comments related to the battery life of themobile tele-



















No. times TUB tool used previously by participant in clinical practice
Fig. 3. Participant experience of using the TUB tool in practice.
Table 2
Results.
Case Agreed destination Paper App Result of incorrect answer
Not-matched Matched PPV Not-matched Matched PPV
1 TU 4 21 0.84 5 20 0.80 Overtriage
2 MTC 9 14 0.56 2 23 0.92 Undertriage
3 MTC 0 25 1.00 4 21 0.84 Undertriage
4 TU 5 20 0.80 5 20 0.80 Overtriage
5 TU 2 23 0.92 3 22 0.88 Overtriage
6 MTC 14 11 0.44 2 23 0.92 Undertriage


















Fig. 4. Comments relating to ease of use of the paper and app tools.
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4. Discussion
This study demonstrated a PPV of 0.86 for the new smart-
phone decision support tool, with the original paper-based tool
showing a PPV of 0.76 in the same scenarios.
The purpose of this study was to test the digital representation
of the major trauma triage tool against the paper version. Explor-
ing the sensitivity and speciﬁcity of the TUB tool in predicting major
trauma was not studied as part of this evaluation. The ﬁndings
suggest that the smartphone version of the tool performed at least
as well as the paper-based tool.
One of the beneﬁts of utilising an electronic triage tool avail-
able as an app is improved version control. If a change is made to
any of the triage criteria, the app can be amended and an update
made available in a short time frame. The most commonly used op-
erating systems now offer functionality to automatically update the
smartphone. This ensures that clinicians will always be using the
most up-to-date tool, avoiding confusion at the scene of an inci-
dent. In contrast, updating a paper-based tool, particularly where
clinicians are geographically spread and often lone-working, pres-
ents challenges. It relies on each clinician being made aware of
changes, and requires a formal system of version control.
Morris et al. (2013) tested two smartphone applications for use
in calculating ﬂuid resuscitation in burns patients and found that
they were much quicker to provide a result than the calculator pre-
viously available, albeit associated with a decrease in ease of use.
Initially, there were some organisational concerns relating to in-
formation governance and storage of information on staff person-
al mobile devices. The app does not obtain any patient identiﬁable
data, and the developers and designers worked with the relevant
stakeholders to ensure that the app did not breach any conditions
of conﬁdentiality.
Several papers describe the testing of applications developed to
be used directly by patients, assessing the design and usability of
the interface (Ben-Zeev et al., 2013; Brouillette et al., 2013; Robinson
et al., 2013), whilst others focus on the technical performance against
existing hardware (Mellone et al., 2012; Petersen et al., 2013). Suk
Nam et al. (2014) describe the design and implementation of a stroke
screening app which suggests hospital destination, but they have
not provided data on its effectiveness in practice. The regulation of
applications used to guide clinical decisions is suggested by
Visvanathan et al. (2012) in order to safeguard patients by ensur-
ing information contained in them is authenticated.
Shortly after the launch of the iPhone®, Burdette et al. (2008) iden-
tiﬁed the potential for the use of smartphone technology in clini-
cal practice, in particular with reference to the integration of apps
with web browsers and mapping functions. In this fast moving area
of technology, enhancements continue to be made with faster pro-
cessing speeds, greater memory and more numerous applications
available. As smartphones become an increasing part of clinicians
and patients’ lives, it is likely that the use of apps in clinical prac-
tice will becomemore proliﬁc. In order to assure quality and safety,
it is essential that robust testing is carried out and is available pub-
licly for review.
The app was launched via the iTunes® store on 7 October 2013
and had been downloaded 1351 times by 31 December 2013. As the
Wessex Trauma Network TUB tool is also used in the Thames Valley,
Peninsula and Severn Trauma Networks, it has now been able to be
rolled out across the south central and south-west regions of England.
It is not possible at this time to produce a generic trauma triage app
for the whole of England as there is variance in the triage tool used
in other areas.
A Scandinavian study (Hagiwara et al., 2013) identiﬁed that the
physical format of pre-hospital guidelines was the main barrier to
usage and compliance in ambulance staff, with many clinicians con-
structing their own paper and electronic versions to improve ease
of use. The development of well-designed, stable, rapid and acces-
sible smartphone apps has the potential to improve concordance
with guideline usage and associated improvements in patient safety.
The Android® version of the Major Trauma Triage Tool app has
also recently been launched to widen availability to clinicians. There
have been positive reviews of the app on iTunes and interest from
local media, raising the proﬁle of the work of the ambulance ser-
vices and major trauma networks.
Scope exists to expand the app in other areas where specialist
treatment centres receive patients, such as hyper-acute stroke and
primary percutaneous coronary intervention, providing enhanced
decision-support for clinicians managing patients with serious
medical conditions.
It is possible that as electronic ambulance patient care records
are utilised further within UK ambulance services that the func-
tionality contained in the app becomes part of an integrated system
of monitoring, recording and transmitting data relating to patient
condition. This would allow enhanced pre-alerting of hospitals, in
order that they can ensure appropriate specialists are available to
manage severely injured patients as soon as they arrive in hospi-
tal. There are additional possibilities to enhance further versions of
the Major Trauma Triage Tool app, such as data collection. This has
been utilised successfully by other apps, in order to build a data-
base that can provide information to assist in understanding epi-
demiology of disease (Michael and Geleta, 2013). There are potential
applications in injury prevention and pre-hospital resourcing that
could beneﬁt from accurate information on location and severity
of trauma incidents such as road traﬃc collisions and assaults. The
issue of information governance is critical in order to ensure com-
pliance with requirements for patient conﬁdentiality. Novel means
of achieving this, such as automatic deletion of images after a set
time period, have been described by other clinical application de-
velopers (Takao et al., 2012).
4.1. Limitations
4.1.1. Data collection
Certain demographic information was not collected from par-
ticipants. It was not possible to make a comparison between the
testing groups in terms of their age, gender, experience in the am-
bulance service or other factors that may inﬂuence their use of par-
ticular tools.
4.1.2. Ecological validity
This was a scenario-based study, and not all information could
be provided.
Participants were advised that if information was not noted, to
assume it was normal, many comments suggest they didn’t always
complywith this. For example, theywrote ‘possiblemajor pelvis frac-
ture due to mechanism’ or ‘answered “no” to airway and
haemorrhage question as unsure’. This means that it is not possi-
ble to determinewhether a TraumaUnit was selected as it was nearer
for a severely injured patient or if the patient was undertriaged to
this type of facility.
The purpose of this evaluation was to test the App against the
paper tool to ensure it performs as well. Therefore, comparisons
cannot be made with real incidents, as there would be many more
factors to consider such as environment, human factors and time
pressures.
4.1.3. Implementation
Our study did not measure time to reach a decision on trans-
port destination for trauma patients in comparison to the paper-
based tool although this could be an area for additional investigation,
particularly pertinent when managing time-critical patients.
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A limitation with smartphone technology is that certain func-
tions rely on the signal provided by the carrier network. A lack of
signal would prevent the global positioning system (GPS) element
of the app being utilised. However, the triage tool itself and the
means to record handover information are unaffected by this.
5. Conclusion
The Smartphone app performed at least as well as the paper-
based version of the Wessex Trauma Network Trauma Unit Bypass
Tool. It was therefore considered safe to release a general version
of the app. The app is now being used within the Network.
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